This study aimed to evaluate the effect of integrated nitrogen (N) application on the yield of Boro rice. The experiment was composed of two rice varieties: BRRI dhan29 and BRRI dhan74, and eleven N management approaches: control (without N), 100% varietal recommended dose (RD) of N from urea, 75% of RD from urea + 25% of RD from poultry manure (PM), 50% of RD from urea + 50% of RD from PM, 25% of RD from urea + 75% of RD from PM, 75% of RD from urea + 25% of RD from vermicompost (VC), 50% of RD from urea + 50% of RD from VC, 25% of RD from urea + 75% of RD from VC, 75% of RD from urea + 25% of RD from cowdung (CD), 50% of RD from urea + 50% of RD from CD and 25% of RD from urea + 75% of RD from CD. Performance of BRRI dhan74 was better compared to BRRI dhan29 in terms of yield. For both verities, application of 75% of RD from urea + 25% of RD from PM produced the highest grain yield (BRRI dhan74: 3.30 t ha -1 and BRRI dhan29: 3.08 t ha -1
INTRODUCTION
Rice is the main food crop of Bangladesh, accounting for about 75% of agricultural land use (BBS, 2015) . There are three rice growing seasons namely Aus, Aman and Boro. The majority of rice growing area is covered by Boro rice comprising 58% of the total rice area (BBS, 2015) . The yield of Boro rice is higher than that of Aman and Aus rice. Among the top rice growing countries of the world, the position of Bangladesh is forth (BBS, 2015) . But there is still a yield gap between potential yield in research field and farmer's field. According to recent study conducted by Bangladesh Rice Research Institute (BRRI), the yield gap in rice production was estimated at 1.74 t ha -1 . Yield gap between potential and farmer's yield are substantially high due to the combination of constraints, such as poor management, economic condition of farmers, lack of resources and knowledge. Exploiting the production potential of high yielding rice varieties through agronomic management is one of the major means to minimize the yield gap.
Fertilizers have contributed substantially to the spectacular increase in the yield of rice. Among all nutrient elements, Nitrogen (N) is the most important fertilizer element playing vital role in yield improvement of rice and the element is frequently reported as deficient in agricultural soils of Bangladesh (Islam, 1990) . However, growing crop with indiscriminate use of N fertilizers by our farmers has resulted into degradation of lands owing to low yields with poor quality of produce. Moreover, continuous uses of chemical fertilizer cause negative impact on environment. The use of inorganic fertilizer to sustain cropping was found to increase yield only for some few years but on long-term, it has not been effective and lead to soil degradation (Satyanarayana et al., 2002) . On the other hand, continuous application of organic fertilizer alone on rice field resulted low yield and low N and K contents at the tillering stage of rice plant (Javier et al., 2004) . This implies that the integration of inorganic and organic fertilizers could act as a great way for practicing sustainable agriculture and to achieve food security. The ORIGINAL RESEARCH ARTICLE integrated nutrient management system is characterized by reduced input of chemical fertilizers and combined use of chemical fertilizer with organic materials such as animal manures, crop residues, green manure and compost (Husan et al., 2014) . Combined use of organic manures and inorganic fertilizers help in maintaining yield stability through correction of marginal deficiencies of secondary and micronutrients, enhancing efficiency of applied nutrients and providing favorable soil physical conditions (Gill and Walia, 2014) which may increase up to 50% of the world crop production (Pradhan, 1992) . It has been reported that the use of organic fertilizer together with chemical fertilizer, compared to the addition of organic fertilizer alone, had a higher positive effect on microbial biomass and soil health (Dutta et al., 2003) . Losses of N from inorganic sources are very rapid from the soil through volatilization and de-nitrification. As a result, in near future, fertilizer N is likely to be even more costly. This situation in turn will pose a serious threat to food security for the vast millions of populations of the country, which again indicates to start using inorganic N fertilizer blended with organic manures to minimize the N loss by increasing N use efficiency by rice plant. Integrated N management increases long term productivity through sustaining soil productivity. Positive effect of integrated N application might help to motivate the growers in this system by reducing total production cost aims for efficient and judicious use of all the major sources of plant nutrients in an integrated manner (Farouque and Takeya, 2007) . But still farmers of Bangladesh are not interested in integrated nutrient practices in rice field mainly due to deficiency of material, lack of knowledge about variation of N content in different organic manures, selecting best manures, their specific rate/ratio of integration with chemical fertilizer. In integrated nutrient management, calculation of the exact amount and combination of N from different sources is often critical, which put negative impact on farmer's decision in selecting integrated practice. Therefore, the present study was undertaken to evaluate the differential varietal response on integrated N management practices, to determine the effect of integrated N application on growth and yield of rice and to determine the best combination of integrated N management for Boro rice cv. BRRI dhan29 and BRRI dhan74.
MATERIALS AND METHODS

Experimental site and soil
The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh (located at 24°75 ' N latitude and 90°5 ' E longitude) belonging to the Old Brahmaputra Floodplain agro-ecological zone of Bangladesh (AEZ-9) during December 2016 to May 2017. The topography of the experimental field was low to medium with moderate drainage facilities having non-calcareous dark gray floodplain soil (UNDP and FAO, 1988) . The texture of the soil was loamy in nature with more or less neutral (pH 6.8) in reaction and low in N (0.1%) and exchangeable K (0.14%) contents. Available P and S were 26.0 and 13.9 ppm, respectively and general fertility level was also low. The climate of experimental site was subtropical in nature which is characterized by high temperature, high humidity and heavy precipitation with occasionally gusty wind during Kharif season (April to September) and scanty rainfall associated with moderately low temperature during Rabi season (October to March).
Experimental design and treatments
The experiment consisted of two factors: A) two varieties and B) eleven N management approaches as follows: . The special quality of this variety is the protein (8.3%) and amylose (24.2%) contents of the grains. 
Crop husbandry
The experimental land was opened with a power tiller and then puddled thoroughly by ploughing. Weeds and stubble of the previous crop were collected and removed from the field. Both organic and inorganic fertilizers were applied according to the treatments. Urea was applied into three equal splits. ; and 1000-grain weight, grain + straw yields, biological yield and harvest index of each plot were recorded from the whole plot at harvest. The recorded data on yield and yield contributing characters were statistically analyzed using "Analysis of Variance" technique following two factors RCBD computer package MSTAT. The mean differences among treatments means were tested by Duncan's New Multiple Range Test (DMRT).
RESULTS AND DISCUSSION
Varietal effect on yield and yield contributing characters All the yield and yield contributing characters except number of sterile spikelet panicle -1 were significantly influenced by the variety (Table 1 and Figure 1 ). Performance of BRRI dhan74 was better compared to BRRI dhan29 in terms of all parameters.
BRRI dhan74 produced the taller plant (89.00 cm) than the BRRI dhan29 (81.10 cm) ( of grain, straw and biological yields, respectively) ( Figure 1 ).
Similar results were also reported by Hossain et al. (2003) and Kabir et al. (2004) . Harvest index was higher in BRRI dhan29
(42.86%) than BRRI dhan74 (39.28%).
Effect of nitrogen management approaches on yield and yield contributing characters
All the yield and yield contributing characters except harvest index were significantly influenced by N management approaches ( Table 2) In a column, figures with same letter (s) or without letter do not differ significantly whereas figures with dissimilar letter differ significantly (as per DMRT). **=Significant at probability level (p) 0.01, NS = Non-significant and CV=coefficient of variation. 
Interaction effect of nitrogen management approaches on yield and yield contributing characters
Interaction effect of variety and N management approaches was significant on the yields of Boro rice but was non-significant on yield contributing characters except no. of effective tillers hill -1 (Table 3) . However, numerically the highest no. of tillers hill -1 (11.13) was observed in BRRI dhan74 with the combination of 100% N of RD from urea (N 2 ) and the lowest (9.07) was observed in BRRI dhan29 with control (N 1 ) treatment (Table 3) .
The highest no. of effective tillers hill -1 (10.6) was observed in BRRI dhan74 with the combination 75% N of RD from urea + 25% N of RD from PM (N 3 ) and lowest (7.47) was found in BRRI dhan29 in control treatment. The result was in agreement with the findings of Lawal and Lawal (2002) . The N 3 management approach combined with BRRI dhan74 produced the highest ) grain yield and straw yield (6.15 t ha -1 ) the lowest (2.36 t ha -1 and 2.99 t ha -1 of grain and straw yields, respectively) one was observed in combination of BRRI dhan29 with control (Table 3) . Even for BRRI dhan29, the highest yields (3.08 and 3.89 t ha -1 of grain and straw, respectively) was produced from the same N management approaches, i.e., 75% N of RD from urea + 25% N of RD from PM. Harvest index was highest (44.88%) in BRRI dhan29 with the combination of 25% N of RD from urea + 75% N of RD from CD (N 11 ) and the lowest (34.91%) one was in BRRI dhan74 with the combined application of 75% N of RD from urea + 25% N of RD from PM (N 3 ). Rahman et. al.
(2009) and Yeasmin et al. (2009) also reported higher grain yield from the combined use of urea N and manure (PM and CD) than only urea-N application. Similar results were also obtained by Sarkar et al. (2007) , Islam et al. (2007) and Sarkar et al. (2016) .
From the above results it is perceived that the integrated application of 75% N of RD from urea + 25% N of RD from PM (N 3 ) for both varieties, BRRI dhan29 and BRRI dhan74 was the best combination to obtain highest grain yield in Boro season. Poultry manure as an organic source of N combined with urea performed better than all other organic sources (VC and CD) possibly because of the higher N (+ other nutrient) content of PM than VC and CD which might cause increased N and other nutrient availability in soil and uptake of nutrients by rice plants.
The PM along with urea fertilizer helped to increase the uptake of the major nutrients which promoted satisfactory growth of plant (Mohamoud et al., 2002) . Ranjitha et al. (2013) claimed maximum NPK uptake by rice from the integrated application of organic + inorganic N fertilizers. This adequate nutrient supply might be attributed to the greater partitioning of dry matter into economic part (Vajanthaa et al., 2012) . Apart from economic return, combined use of organic and inorganic fertilizers is very helpful for maintaining a long-term soil fertility and crop productivity (Eghball et al., 2005) . 
